Cinnamomum wightii is an endemic species of the Western Ghats, India and is used in Ayurveda and Siddha systems of medicine. Its bark and leaves are adulterated with commercial cinnamon in southern India. Despite its medicinal and commercial importance, the species remains underexplored. The objective of the present work was to screen the chemical composition, in vitro antioxidant, -amylase and -glucosidase inhibitory activities of the leaf essential oil of C. wightii collected from different populations. GC-FID and GC-MS analyses of the leaf essential oils from seven accessions enabled the identification of a total of 70 constituents, of which only 16 compounds were present in all samples. Eleven major constituents (> 5%) were identified, of which only linalool and spathulenol were present in all accessions as major constituents. Among seven accessions, essential oil from Parson's valley, Nilgiris exhibited better antioxidant activity with IC 50 values of 2.552 ± 0.13 and 3.485 ± 0.09 mg/mL for ABTS and DPPH respectively. The essential oil from Korakundah, Nilgiris showed better hypoglycemic activity with IC 50 values of 1.617 ± 0.02 and 1.146 ± 0.02 mg/mL for -amylase and -glucosidase inhibitory activities respectively. The leaf essential oils of C. wightii may be used in nutraceutical products focusing diabetes mellitus as the moderate inhibition of the metabolic enzymes has the advantage of slow release of glucose.
Diabetes mellitus (DM) is a metabolic disease characterized by hyperglycemia and hyperlipidemia, often leads to diabetic associated complications including micro and macrovascular diseases. Maintenance of optimum blood glucose level is crucial in the treatment of DM. Moderate inhibition of digestive enzymes, α-amylase and α-glucosidase is one of the strategies to control blood glucose level. This is achieved by commercially available synthetic drugs like acarbose, voglibose, miglitol, etc. However, these drugs cause many adverse side effects [1] . Therefore, there is a growing demand for safe traditional medicines and medicinal plants to treat diabetes. As a result, there has been a search for potential antidiabetic drugs from natural sources. Cinnamon (Cinnamomum verum J. Presl) is one of the most important spices used for many centuries. It possesses many bioactivities including anti-diabetic [2] . Among Cinnamomum species, C. verum, C. tamala and C. sulphuratum are traditionally used to treat DM in India [3] . Hypoglycemic activities of different parts of commercial cinnamons, namely, C. verum, C. cassia and C. tamala have been well investigated [4] [5] [6] [7] . Cinnamomum is an economically important genus consisting of about 250 species in the world. Although, in vitro and bioactivities of the essential oils of many wild Cinnamomum species have been evaluated [6] [7] [8] , their anti-diabetic potential has so far been unexplored, except for a few wild species [9] [10] [11] [12] [13] [14] .
The Western Ghats are biodiversity rich region and are known for its striking wealth of the world's most sought spices and their wild relatives. This region harbours rich diversity in wild cinnamons. So far, 21 Cinnamomum species are reported here, of which 16 are endemics [15] . Cinnamomum wightii Meisn. is an endemic species confined to the high ranges of Anamalai and Nilgiri hills of the southern Western Ghats. It is an aromatic medicinal plant used in Ayurveda and Siddha of Indian Systems of Medicine as one of the ingredients in Sitopaladi Churna and Amukkara choornam to treat many diseases such as asthma due to disorder of bile, burning sensation in palm and soles, digestive impairment, gastric troubles, intercostal neuralgia, numbness of tongue, pleurodynia, spleen enlargement, leucorrhoea, hiccup, anemia, tuberculosis and kappa diseases [16] [17] [18] . The flower buds are used in medicinal formulations in both the traditional medicine systems [19, 20] . The stem bark, leaf and oil of this species are reported to treat many diseases namely, paralytic disorders, deficiency in digestive power, abdominal disorders, cough, dysuria and gynaecological disorder [20, 21] . Stem bark is traded in Indian raw drug markets and is recorded as one of the traded medicinal plants of India [22] . Both stem bark and leaves are adulterated with commercial cinnamon (C. verum) in southern India [20] . Despite its medicinal and commercial importance, this species is underexplored. Hence, the present study was conducted to screen the chemical composition of the leaf essential oil of C. wightii collected from seven different locations, and to evaluate antioxidant and hypoglycemic effects through in vitro assays. Overall, 70 compounds were identified from seven accessions, of which only 16 were present in all accessions. Eleven major constituents (> 5%) namely, α-pinene, α-phellandrene, p-cymene, limonene, β-phellandrene, sylvestrene, linalool, methyl eugenol, (E)-caryophyllene, elemicin and spathulenol were identified among seven accessions. Of these, only linalool and spathulenol were present in all accessions as major constituent. The remarkable variations were the presence of p-cymene (present only in C 1 , C 2 , C 4 and C 5 ), β-phellandrene (C 1 and C 3 ) and sylvestrene (C 5 and C 6 ) in limited accessions.
Morphologically, C. wightii is closely similar to that of C. keralaense, which is also endemic to the southern Western Ghats. But the chemical compositions of the leaf essential oils of C. wightii are completely different from that of C. keralaense. Like C. wightii, high variation in the chemical constituents of leaf essential oils of C. keralaense was also reported [23] . Linalool and spathulenol were the key constituents of leaf essential oils of C. wightii, whereas β-phellandrene and methyl eugenol were major compounds in C. keralaense. As these two species are often confused, the chemical compositions of the essential oils, particularly the presence of linalool and spathulenol in the leaf essential oil of C. wightii might be used as a marker. However, in addition to chemical markers, development of molecular markers may be useful in distinguishing these two species. The leaves of C. wightii are adulterated with the leaves of C. verum and sold in southern India [20] . Eugenol is the principal constituent of the leaves of C. verum. But, it is not found in the leaf essential oil of C. wightii. Thus, the leaves of C. wightii should not be adulterated with or substituted to C. verum.
Antioxidant activities of different extracts and essential oils of the leaf and bark of commercial cinnamons namely, C. burmanni, C. cassia, C. pauciflorum, C. tamala and C. verum have been studied [24] [25] [26] [27] [28] . However, the wild Cinnamomum species are least investigated. Essential oils of a few wild Cinnamomum species from South and Southeast Asia region have been studied earlier. Previous investigations on DPPH free radical scavenging activity of the essential oils of a few wild Cinnamomum species namely, C. altissimum (IC 50 38.5 µg/mL) [29] , C. iners (IC 50 216.66 and 218.88 µg/mL) [30] , C. pubescens (IC 50 77.2 µg/mL) [31] and C. subavenium (IC 50 29.6 and 70.8 µg/mL) [32] 
antioxidant properties. Crude extract of C. osmophloeum also exhibited excellent DPPH activity (EC 50 7.1 µg/mL) [33] . In our previous study on antioxidant activity of C. chemungianum, the leaf essential oils showed a wide range of DPPH radical scavenging activity with IC 50 values from 2.59 to 9.99 mg/mL [34] . In the present study, the moderate antioxidant activity of C 6 might be due to synergistic action of minor compounds as the major compounds identified in C 6 are also present in the essential oils of other samples.
Reducing the activity of carbohydrate digestive enzymes, α-amylase and α-glucosidase is important in the management of diabetes mellitus. Leaf and bark of C. verum have been reported to reduce blood glucose level [24] . Similarly, there are a few reports on enzyme inhibitory activities of other Cinnamomum species. Acetone extracts of leaf and twigs of different chemotypes of C. osmophloeum effectively inhibited the action of α-amylase and α-glucosidase [33] . Aqueous extract of cinnamon bark showed high inhibition of the activity of α-amylase enzyme (IC 50 18 µg/mL) [35] . Isopropanol extract of bark of C. verum exhibited excellent inhibition against human pancreatic α-amylase with IC 50 of 1 µg/mL [36] . Adisakwattana et al. [37] have reported α-amylase inhibitory effect of the bark extracts of four Cinnamomum species namely, C. bejolghota, C. cassia, C. loureirii and C. verum (with IC 50 values of more than 1.77 mg/mL). In the present study, the leaf essential oils of C. wightii from C 2 and C 3 showed almost equal range of α-amylase inhibitory activity of the above mentioned four species. But from the Western Ghats, compared to C. wightii, the leaf essential oils of C. chemungianum showed better α-amylase and α-glucosidase inhibitory activities [34] . The antioxidant, α-amylase and α-glucosidase inhibitory activities of the leaf essential oils of C. wightii may be correlated with the synergistic activity of the minor constituents as there is no correlation between the major constituents and these activities. Antioxidant properties of the plant extracts often play a key role in the biological activities of the plant. In the present study, essential oil of C 3 showed least radical scavenging activity. However interestingly, it exhibited higher α-amylase and α-glucosidase inhibitory activities compared to other samples. In spite of least antioxidant activity, it showed better inhibition of digestive enzymes. The moderate inhibition of α-glucosidase has the advantage of slow release of glucose which results in reduced postprandial glucose level. Hence this essential oil may be used in food products for diabetes.
In conclusion, the chemical compositions, antioxidant, α-amylase and α-glucosidase inhibitory activities of the leaf essential oil of C. wightii were investigated for the first time in the present study. The leaf essential oils mainly consisted of monoterpenes. Although variation in chemical compositions was observed, linalool and spathulenol have been found to be the key constituents of the leaf essential oil of C. wightii. The investigations on antioxidant, α-amylase and α-glucosidase inhibitory activities showed moderate inhibitory activities of the essential oils. The moderate α-glucosidase inhibitory activity of drugs often favours slow release of glucose and consequently reduces postprandial glucose level. Therefore, the suitability of the leaf essential oil of C. wightii in food products and nutraceuticals aiming at diabetes may be investigated. As the leaf and oil of the species are used in the treatment of many diseases, the leaf essential oil may further be investigated for its efficacy.
Experimental
Mature leaves of C. wightii were collected from seven different locations in the Western Ghats namely, Munnar from Anamalai hills, Kerala State (C 1 ) and Pykara (C 2 ), Korakundah (C 3 ), Thaishola (C 4 ), Avalanche (C 5 ), Parson's valley (C 6 ) and Kattabetta, Kotagiri, from Nilgiri hills, Tamil Nadu State (C 7 ). Herbarium specimens for each accession (R. Murugan 76, 135, 137, 162, 166, 170 and 172) were prepared and identified using the revision on Cinnamomum and Lauraceae of South India [38, 39] . The identified specimens were confirmed by matching them with authentic voucher specimens (K000778625; K000778626; L0197954) including the Type specimens (L0036044) deposited at the Kew Herbarium (K), London and the National Herbarium (L), Leiden, The Netherlands. After identification, herbarium specimens were deposited at SASTRA Deemed University Herbarium, Thanjavur, India.
The freshly collected leaves were shade dried for a week and subsequently subjected to hydro-distillation for about 4 h using Clevenger apparatus. For distillation, 1:8 ratio of leaf sample to water (w/v) was used. After distillation, essential oils were collected and dried over anhydrous sodium sulphate. They were stored at 4C for further analyses and assays.
All experiments namely, quantitative (GC-FID), qualitative analyses (GC-MS) of the essential oils, compounds identification, antioxidant activity, -amylase inhibitory assay and -glucosidase inhibitory assay were done as the methods followed in our recent publication [40] .
